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ABSTRACT 


An  analysis  was  made  of  interpolated  values  on  six  sigmar-t 
surfaces  beginning  with  26.6  and  ending  with  27.6.  The  levels 
are  spaced  at  increments  of  0.2  unit  of  sigma-t.  For  each 
sigma-t  surface  three  charts  are  drawn  showing  the  mean  depth, 
mean  temperature,  and  mean  salinity  of  the  surface. 

These  analyses  will  be  published  at  some  future  date  in  the 
U.  S.  Naval  Oceanographic  Office  "Oceanographic  Atlas  of  the 
Indian  Ocean,  Section  II,  Physical  Properties."  Data  used  in 
this  report  were  published  in  NODC  Publication  G-12,  "Indian 
Ocean  Atlas,  Interpolated  Values  of  Depth,  Salinity  and  Tempera¬ 
ture  on  Selected  Sigmart  Surfaces." 

This  Information  Report  was  prepared  by  Douglas  R.  Hamilton 
and  Paul  K.  LaViolette  of  the  Environment  Branch,  Oceanographic 
Analysis  Division,  Marine  Sciences  Department. 
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AN  ANALYSIS  OF  SELECTED  SIGMA- 1  SURFACES  IN  THE  INDIAN  OCEAN 


INTRODUCTION 

The  depths  of  the  various  water  masses  "beneath  the  sea  surface 
are  controlled  by  their  density  characteristics.  These  water  masses, 
identifiable  by  their  temperature-salinity  (T-S)  relationships, 
spread  both  horizontally  and  vertically  through  the  ocean  along 
definite  density  surfaces  (see  Figure  l).  Ab  an  addition  to  the 
three-dimensional  presentation  to  be  used  in  "Oceanographic  Atlas  of 
the  Indian  Ocean,  Section  II,  Physical  Properties,"  the  figures  used 
in  this  report  show  the  depth  of  selected  sigma-t  surfaces,  as  well 
as  the  temperature  and  salinity  distributions  along  these  surfaces. 
BACKGROUND 

While  the  Physical  Properties  Section  of  the  Oceanographic 
Analysis  Division  is  engaged  in  the  final  analysis  of  its  section  of 
the  Indian  Ocean  atlas*,  the  production  timing  does  not  allow  the 
inclusion  of  all  recent  International  Indian  Ocean  Expedition  data. 

To  offset  this  deficiency,  the  analysis  of  the  data  available  was 
done  in  a  manner  best  described  as  continuous.  That  is,  each 
dimension  being  analyzed  was  compared  to  the  other  dimensions  as  well 
as  to  Itself.  For  example,  the  various'  depth  levels  of  the  horizontal 
charts  were  compared  to  one  another  and  then  to  the  vertical  traces 
and  vertical  cross  sections.  Charts  of  water  shallower  than  300 
meters  are  being  done  seasonally.  Thus,  the  analysis  is  continuous 
in  three  dimensions:  Horizontally,  vertically,  and  temporally. 

*The  U.  S.  Naval  Oceanographic  Office  is  currently  producing  a  series 
of  oceanographic  atlases  of  the  oceans  of  the  world.  A  list  of  completed 
oceanographic  atlases  or  sections  may  be  found  in  the  Appendix. 
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figure  i  Indian  Ocean  Water  Masses 


In  order  to  enhance  the  display  of  the  temperature,  salinity, 
and  density  distributions,  the  sigma-t  surfaces  shown  in  this  report 
are  to  be  included  in  the  atlas.  As  with  each  of  the  horizontal 
charts,  cross  sections,  and  vertical  traces,  the  analyzed  sigma-t 
surfaces  have  been  checked  for  continuity  and  tied  with  the  other 
dimensional  presentations. 

TEE  DATA  AND  THEIR  ANALYSIS 

The  data  used  as  a  basis  for  the  analysis  of  these  figures  are 
from  National'  Oceanographic  Data  Center  (NODC)  Publication  G-12, 
"Indian  Ocean  Atlas,  Interpolated  Values  of  Depth,  Salinity,  and 
Temperature  on  Selected  Sigma-t  Surfaces."  Therein,  approximately 
1,700  oceanographic  stations,  spanning  a  period  of  about  60  years, 
were  used.  The  approximate  seasonal  distribution  of  these  data  is 
as  follows: 


January  through  March 

540 

April  through  June 

425 

July  through  September 

290 

October  through  December 

440 

T7595 

AJ1  available  pre-1959  Indian  Ocean  station  data  considered  to 
be  "oceanographically  plausible"  were  included,  as  well  as 
approximately  250  International  Indian  Ocean  Expedition  stations. 

The  methods  of  interpolation  used  by  NODC  to  determine  data 
values  are  described  in  the  introduction  to  Publication  G-12.  In 
addition,  the  data  used  in  this  report  and  in  the  Indian  Ocean  atlas 
were  smoothed  by  rigorously  cross  checking  the  depth,  temperature, 
and  salinity  analyses  of  each  sigma-t  level  with  each  other  and  with 
the  sigma-t  levels  above  and  below.  The  final  analyses  were  then 
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compared  to  the  horizontal  and  vertical  sections  of  the  Indian  Ocean 
atlas  for  continuity.  Thus,  much  of  the  original  data  were 
re-evaluated  and  some  omitted  in  the  final  analysis. 

The  charts  present  interpolated  values  on  six  Bigma-t  surfaces 
from  26.6  through  2 7*6,  spaced  at  increments  of  0.2.  For  each 
sigma-t  surface,  three  charts  are  included  showing  the  mean  depth, . 
mean  temperature,  and  mean  salinity  of  the  surface. 

The  depth  of  each  sigma-t  surface  is  given  in  100-meter  intervals.* 
Temperature  values  are  in  two  degree  Fahrenheit  (°F.)  intervals*  except 
on  the  27.6  sigma-t  surface  where  the  interval  is  one  degree  Fahrenheit 
(°F).  Salinity  is  in  parts  per  thousand  (JL)  with  intermediate 
isohalines  at  0.1  and  0.2  intervals  where  space  and  data  permit. 

In  the  Gulfs  of  Oman  and  Aden,  however,  gradients  of  all  three 
parameters  are  strong  and  sometimes  isollnes  are  omitted  to  avoid 
crowding. 

APPLICATION 

A  general  picture  of  the  dynamic  structure  of  the  Indian  Ocean 
may  be  obtained  by  studying  these  sigma-t  surfaces  and  comparing 
them  with  horizontal  and  vertical  charts  of  the  ocean. 


Conversion  tables  for  meters  to  feet  and  for  Fahrenheit  to 
Celsius  are  given  in  the  Appendix. 


h 


26.6  Sigma- t  Surface 
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26.8  Sigma- t  Surface 
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Figure  5  26.8  Sigma-t  Surface,  Depth  (meters) 
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Figure  6  26.6  Sigma-t  Surface',  Mean  Temperature  (°F.) 
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Salinity  (parts  per  thousand) 


27.0  Sigma- t  Surface 
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Figure  10  27,0  Sigma-t  Surface,  Mean  Salinity  (parts  per  thousand) 
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27.2  Sigma-t  Surface 
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Figure  ij  27.2  Sigma-t  Surface,  Mean  Salinity  (parts  per  thousand) 
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27.4  Sigma- t  Surface 
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Figure  lh  27, h  Sigma- t  Surface,  Depth  (meters) 


27.6  Sigma- t  Surface 
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Figure  17  27.6  Sigma-t  Surface,  Depth  (meters) 

26 


Figure  19  27.6  Sigma-t  Surface,  Mean  Salinity  (parts  per  thousand) 
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APPENDIX 


I  Conversion  Tables 

(a)  Meters  to  feet 

(b)  Fahrenheit  to  Celsius 

II  List  of  Published  Oceanographic  Atlases 
and  Sections  of  Atlases 

II  Distribution  of  Oceanographic  Atlases 
(Figure  20) 
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(  a  )  Meters  to  Feet 


Meters  012  3  4  5  3  7  8  9 


0 .  a  0  3.  3  6.  6  9.  8  13.  1  16. 4  19. 7  23. 0  26. 2  29. 5 

10 .  32.  8  36.  1  39.  4  42.  7  45.  9  49.  2  52.  5  55.  8  59.  1  62.  3 

20 .  65. 6  68  9  72.  2  75.  6  7a  7  82.  0  85.  3  8a  6  91. 9  95.  1 


30 .  98  4  101.7  105.0  108  3  111.5  114.8  118  1  121.4  124.7  128  0 

40- .  131.2  134.5  137.8  141.1  144.4  147.6  150.9  164,  2  157.5  160.8 

50 . 164.0  167.3  170.6  173.9  177.2  180.4  183.7  187.0  190.3  193.6 

60. .  196.8  200.1  203.4  203.7  “210.0  213.3  210.5  219.8  223.1  226.4 

70  .  220.  7  232.  0  236.  2  239.  5  242,  8  246.  1  249.  3  252.  6  255.  9  259.  2 

80- . 262.5  265.7  269.0  272.3  275.6  278  9  282.2  285.4  288  7  292.0 

90. .  295.3  298  6  301.8  305.1  308  4  311.7  315.0  318  2  321.5  324.8 

100 .  328  1  331.4  334  6  337.9  341.2  344.5  347.8  351.0  354  3  357.6 

110. . 360.9  364.2  367.5  370.7  374.0  377.3  380.6  383.9  387.1  390.4 

120 .  393.7  397.0  400.3  403.5  406.8  410.1  413.4  416.7  419.9  428  2 

130 .  420.  5  429.  8  433.  1  436.  4  439.  6  442.  9  446. 2  449.  5  452.  8  456. 0 

140 .  459.  3  462.  6  465.  9  469.  2  472.  4  475.  7  479. 0  482. 3  485. 6  488  8 

150 .  492.  1  495.4  498  7  502.0  505.2  508.5  511.8  615.1  518  4  621.7 

160 .  624.9  628  2  531.5  534.8  538  1  541.3  544.6  547.9  551.2  554.5 

170 .  557.  7  561.  0  664.  3  567.  6  570.  9  574.  1  577.  4  580.  7  584.  0  587. 3 

180 .  590.  5  593.  8  597.  1  600.  4  603.  7  607.  0  610.  2  618  6  616.  8  620.  1 

190. .  628  4  626.6  629.9  638  2  636.5  639.8  648  0  646.3  649.6  652.9 

200 .  656.  2  659.  4  062.  7  666.  0  669.  3  672.  6  675. 9  679.  1  682.  4  685.  7 

210 .  689.0  692.3  695.5  698  8  702.1  705.4  708  7  711.9  715.2  718  5 

220- .  721.8  725.1  728  3  731.6  734.9  738  2  741.5  744.7  748  0  751.3 

230 .  754.  6  757.  9  701.  2  764.  4  767.  7  771.  0  774.  3  777.  C  780.  8  784.  1 

240 .  787.  4  790.  7  794.  0  797.  2  800.  5  808  8  807.  1  810.  4  818  6  .816.  9 


250 .  820.  2  828  5  826.  8  830.  I  833.  3  836.  6  839. 9  848  2  846.  5  849.  7 

260- .  858  0  850.3  859.6  862.9  866.1  869.4  872.7  87C.  0  879.3  882.6 

270  .  885.  8  889.  1  892.  4  895.  7  898  9  902.  2  905.  5  908  8  912.  1  915.  4 

280- .  918  6  921.9  926.2  928  5  931.8  935.0  938  3  941.6  944.9  948  2 
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951.  4  954.  7  958  0  961.  3  964.  6  967.  8  971.  1  974.  4  077.  7  981. 0 


Meters  00  10  20  30  40  50  60  70  80  90 


1,  279.  5 
1,  607.  6 

1,  935.  7 

2,  263.  8 

2,  591.  9 

2,  919.  9 

3,  248  0 


900 


6,  234 

9,  514 
12,  795 
16,  076 
19,  357 
22,  638 
25,  919 
29,  199 


(b)  Temperature  Conversions-Fahrenheit  to  Celsius 
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